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Bone mineral density and urine calcium excretion among sub- eventual fracture, and, in fact, higher fracture rates than
jects with and without nephrolithiasis. normal have been reported in older people who have
Background. Bone mineral density (BMD) is reduced passed stones [7].among patients with idiopathic hypercalciuria (IH) and neph-
Studies of IH and bone tend to conflate kidney stonerolithiasis. To disentangle effects of diet, stone formation, and
formation and IH. IH, which is familial [8, 9], and aphysiology upon BMD, we studied vertebral and femoral neck
BMD among relatives of hypercalciuric stone formers, and breedable trait in rats [10], is thought to cause stones
contrasted those with to those without stones. through increased urine calcium oxalate and calcium
Methods. Among 59 subjects from 11 families, vertebral and phosphate supersaturations [11, 12]. However, havingfemoral neck BMD, diet calcium intake, urine excretions of
stones also may be inherited through factors apart fromcalcium, sodium, ammonium, titratable acid, sulfate, urea nitro-
IH, and these factors may affect bone metabolism. Also,gen, and serum levels of calcitriol and markers of bone turnover
were studied. environment and diet influence kidney stone formation.
Results. Stone formers (SF) consumed less calcium than Patients with kidney stones may follow reduced calcium
non-stone formers (NSF). Spine and femoral neck BMD diets to avoid recurrence, thus putting upon their bonesz-scores varied inversely with urine calcium loss and urine
an undue potential force for mineral loss.ammonium excretion among SF but not NSF. No correlations
We sought to disentangle the effects of diet and hered-of BMD z-score were found for bone markers, calcitriol, or
any of the other measurements. ity on bone mineral stores and regulation in IH. IH is
Conclusion. SF consumed less calcium, presumably to pre- vertically transmitted in families and is likely a polygenic
vent more stones, and displayed a bone mineral responsiveness disorder [13]. Approximately 50% of first degree rela-to calcium loss and ammonium excretion not present among
tives of IH stone forming patients will exhibit high urineNSF, who ate more calcium. Lowered calcium consumption
in IH, perhaps in response to stone formation, alters bone calcium levels [8]. Therefore, we reasoned that some but
responses in a direction that can predispose to mineral loss not all of such relatives would have IH and form stones,
and eventual fracture. others IH without stones, and others neither abnormal-
ity, thus creating a natural experiment in which people
with and without IH and stones could be studied with
The bone physiology of stone forming patients with respect to bone physiology.
idiopathic hypercalciuria (IH) differs from normal. Bone Our aim was to determine whether having stone dis-
mineral balance turns negative at net calcium absorp- ease alters bone physiology among those who share a
tions sufficient for positive balances in normal subjects common general tendency toward IH. Our hypothesis
[1, 2]. Challenged by very low calcium diet, patients lose was that stone formers and non-stone formers might well
significantly more calcium in their urine than normal differ in diet calcium and protein intakes. Patients with
subjects [3]. Bone mineral density (BMD) is, on average, stones may well succumb to common wisdom, and avoid
lower than among normals [4–6]. Altogether, bones of dairy products. As well, a high protein intake might fo-
stone forming hypercalciuric patients seem poised for ment stones [14, 15]. What we could study was limited
by such opportunities as families scattered across the
United States could reasonably provide. Among rela-Key words: kidney calculi, osteopenia, idiopathic hypercalciuria, stone
formation, renal stones, calcium diet. tives of IH stone formers who are and are not stone
formers, we measured BMD, diet and urine calcium,Received for publication March 12, 2002
and urine ammonium, titratable acidity, and sodium, asand in revised form August 19, 2002
Accepted for publication September 20, 2002 markers for diet acid load and sodium content. We asked
if the BMD z-score correlated with acid or sodium loads, 2003 by the International Society of Nephrology
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calcium intake, and urine calcium loss. As well, we asked jects did a single collection. The results for duplicate
collections were averaged for statistical analysis.if the BMD z-score correlated with established markers
of bone formation and breakdown, or with serum cal-
Markers of bone turnovercitriol levels.
The following markers of bone turnover were mea-
sured using enzyme-linked immunosorbent assay (ELISA)
METHODS
using commercial kits: bone specific alkaline phospha-
Subjects tase (Metra Biosystems, Mountain View, CA, USA),
c-terminal (Osteometer; BioTech, Herley, Denmark) andFifty-nine relatives and probands were enrolled from
11 families; 47 subjects were from nuclear families (sib- n-terminal (Ostex International, Seattle, WA, USA) tel-
opeptides of type I collagen in serum. Total pyridinolineslings, parents or children of a proband and the proband
themselves) and 12 subjects were extended family. Each and deoxypyridinoline were measured in 24-hour urine
collections (Metra Biosystems). Serum calcitriol wasfamily had at least three family members available for the
study, one of whom was hypercalciuric, defined as urine measured by Nichols Institute (San Luis Capistrano, CA,
USA) using extraction chromatography followed by acalcium excretion of 250 mg/day for women and 300
mg/day for men on a free choice diet [16]. Exclusion radio-receptor assay.
criteria included subjects on thiazide diuretics, those with
Diet historydiseases that affect mineral balance such as hyperpara-
thyroidism, bowel disease, systemic rheumatic disease, A dietary history was obtained using a semiquantita-
tive food frequency questionnaire that estimates dietprimary hyperoxaluria, enteric hyperoxaluria, cystine,
struvite, or pure uric acid stones, as well as immobiliza- composition over the preceding year [19]. In addition,
we specifically questioned subjects for use of calciumtion for 2 months during the last five years, or pro-
longed corticosteroid therapy (3 months). Subjects un- supplements during intake telephone interviews. The
questionnaire has been validated in multiple studies andder the age of 21 were excluded because of the very low
prevalence of bone disease in this population and the other investigators have used this tool to obtain impor-
tant data in the field of nephrolithiasis, including studieslack of reference values for bone markers. Pregnant
women were excluded because of the well-known effects showing an inverse correlation of diet calcium intake
and kidney stone formation [20, 21].on mineral status of pregnancy. Three subjects who were
consented for the study were eventually excluded, one
Bone mineral densitydue to pregnancy, one due to Paget’s disease, and one
subject was diagnosed with celiac sprue. Seven women Bone mineral density was assessed on 19 SF (18 spine,
19 hip) and 36 NSF (36 spine, 35 hip) at local hospitals.(5 non-stone formers, 2 stone formers) were receiving
hormone replacement therapy and four women (3 non- All used DEXA technology. A Lunar machine (GE Lu-
nar Corp., Madison, WI, USA) was used for 27 hip andstone formers, 1 stone former) were taking calcium sup-
plements. Altogether, we studied 22 stone formers (SF), 27 spine measurements, 23 hip and 24 spine by a Hologic
machine (Hologic Inc., Bedford, MA, USA), 3 hip and7 of whom are female, and 37 non-stone formers (NSF),
23 females (2  5.1, P  0.02, for gender difference of 2 spine using Norland (Norland Medical Systems Inc.,
White Plains, NY, USA), and one hip and spine usingstone forming). In all, we studied 29 males and 30 fe-
males. Twenty-four subjects in the study met the defini- an unidentified machine. Four people could not or would
not be scanned. Throughout, we used BMD convertedtion of hypercalciuria. Fourteen of the 22 SF had hyper-
calciuria. All subjects were Caucasian. The study was to the z-score that related actual BMD to that predicted
by age and sex. Median and means, and distributions ofapproved by the Western Institutional Review Board
(Protocol #2001727). BMD z-scores between machines showed no significant
differences for the hip (0 vs. 0.03, P  NS, Hologic vs.
Laboratory studies Lunar), but did differ for the spine BMD z-score (0.423
vs.0.040, P 0.03; Hologic vs. Lunar; Norland differedConventional urine risk factors were measured on all
subjects by Litholink Corporation (Chicago, IL, USA). from neither). Therefore, the results from these two in-
struments were pooled for both hip and spine, but ma-These included 24-hour volume, calcium, oxalate, citrate,
sodium, potassium, chloride, magnesium, uric acid, creat- chine type was used as a covariate in ANOVA or general
linear models, when spine or hip comparisons were madeinine, pH, phosphorus, ammonium, urea nitrogen, and
sulfate using methods detailed elsewhere [17]. Urine su- between SF and NSF, or the sexes. Likewise, the machine
type was a covariate in the analyses of factors that corre-persaturations of calcium oxalate, calcium phosphate,
and uric acid were calculated using the iterative com- lated with BMD z-scores in either region. At no time
did the machine type contribute significantly to eitherputer program EQUIL 2 [18]. Fifty-six subjects collected
two 24-hour urine samples, and the remaining three sub- ANOVA or general linear modeling.
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Fig. 1. Z-scores of femoral neck and verte-
bral body BMD in stone formers and non-
stone formers. Quantile plots of femoral neck
(A) and vertebral body (B) bone mineral den-
sity (BMD), expressed as z-scores, among
stone formers () and non-stone formers ()
do not differ.
Calculations 0.12  0.24 versus 0.08  0.2, SF versus NSF, femoral
neck and vertebral bodies, respectively (PNS for bothEstimates of diet composition from urine chemistries.
comparisons). Among males, SF were older (58  3 vs.From the measurements of urine chemistries, estimates
44  4, P  0.007), while among females, age did notof dietary intake of foodstuffs were made that supple-
differ (49  5 vs. 50  4, SF vs. NSF, P  NS). Amongmented the diet history obtained. Urine urea nitrogen
men there was no effect of stone, age, or machine onexcretion was used as a marker for dietary protein intake
the BMD z-score of hip or spine using ANOVA (Fig. 2[22]. Urine sulfate excretion correlated with intake of
C, D). Among women, stone had no effects, with oranimal protein and also provided an estimate of one
without allowing for age or machine, but the spine BMDof the major components of daily acid production [23].
z-score (Fig. 2B) varied positively with age (F  9.16,Titratable acid was calculated using urine phosphorus
P  0.005) although the hip BMD z-score (Fig. 2A) didand creatinine excretion and urine pH [24]. Dietary so-
not. The former suggests some disproportion betweendium and chloride levels were estimated from the urinary
predicted norms and the behavior of our population withexcretion rates as these elements are completely ab-
respect to spine BMD among women, such that thesorbed from the diet.
women in our study were higher, with age, than pre-
Statistical analysis dicted, that is, the measured BMD did not fall as fast as
predicted. This anomaly cannot be ascribed to differ-Standard descriptive statistics, univariate t tests, linear
ences of machine type, which did not enter into theregression and analysis of variance (ANOVA), and gen-
ANOVA model. The two sexes did not differ in DEXAeral multivariate linear modeling were performed using
machine type (10 vs. 14 vs. 2 and 15 vs. 13 vs. 1 forstandard software (SYSTAT; SPSS, Chicago, IL, USA).
Hologic vs. Lunar vs. Norland, male and female, respec-The latter was performed automatically, stepping for-
tively, 2  2.35, P  0.50). Put another way, since ma-ward, and significant results were reanalyzed stepping
chine use was equal between the sexes and only thebackward. Interactive stepwise analysis was done also,
women showed an age effect, and since machine typeas an additional confirmation. When differences in slope
was not correlated with BMD z-scores factored by agewere encountered, 95% confidence intervals were in-
in either sex, we cannot ascribe the positive slope ofspected for overlap. In addition, we tested for homogene-
BMD z-score on age to machine differences.ity of slopes using standard multivariate models. Regres-
sions were considered significant when 95% confidence
Relationship between dietary calcium andintervals did not overlap and homogeneity of slopes was
stone formationrejected at P  0.05. Results are presented as means 
Dietary calcium intake, as assessed by the food fre-1 SEM.
quency questionnaire and factored for body weight (Fig.
3A), was lower in SF than in NSF (10.8  1.2 vs. 14.9 
RESULTS 1.5 mg/kg/day, P  0.04); absolute values of calcium
Relationship between BMD, age, and stone formation intake did not differ (901  85 vs. 1090  98 mg/day,
P  NS). Urinary calcium in mg/kg/day did not differThe mean BMD z-scores of femoral neck and verte-
(3.0  0.25 vs. 2.9  0.25, P  NS) between SF andbral bodies did not differ between SF and NSF (Fig. 1).
Z-score values were 0.19  0.4 versus 0.04  0.2 and NSF (Fig. 3B). The difference between intake and urine
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Fig. 2. Z-scores of femoral neck and verte-
bral body BMD versus age. Among women (A
and B) vertebral body BMD z-scores varied
positively with age, among NSF () and SF
(); femoral neck z-score of women (A) nor
BMD at either site among men (C and D)
vary with age. Ellipses are 1 SE areas of con-
tainment for the total points on the graphs.
Fig. 3. Calcium intake, urine calcium excretion and calcium intake minus excretion. The distribution of calcium intakes (A) among stone formers
() lacked the high tail present among non-stone formers (). Distributions of urine calcium excretions (B) overlap. Consequently, the distributions
of calcium intake minus excretion (C ) mirror those of intake.
excretion (Fig. 3C) moved, therefore, in parallel with cium supply. Losing calcium in their urine equally with
NSF, they therefore reduced their gross external netcalcium intake (7.8  1.1 vs. 12.0  1.6, P  0.04).
Overall, it would appear that SF have limited their cal- balance.
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Fig. 4. Z-scores of femoral neck and verte-
bral BMD versus urine calcium excretion, in
men and women stone formers and non-stone
formers. Among NSF (A and B) femoral and
spine BMD values do not vary with urine cal-
cium. Among SF (C and D) BMD at both
sites varies inversely with urine calcium
among men () and women ().
Relationship between BMD z-score, dietary and Higher urine calcium correlated with lower BMD z-scores
urinary calcium, and stone formation in SF hip and spine, but not in NSF. Dietary calcium
correlated directly with the spine but not hip BMDThe BMD z-scores of hip and spine varied with urine
z-scores in NSF, but not SF. Of interest, if calcium excre-calcium among SF, but not NSF (regression coefficients,
tion was used as a covariate (mg/kg/day), the BMD0.45 vs. 0.03 and 0.75 vs. 0.15; P for regressions,
z-score mean values of SF and NSF remained not signifi-0.018 vs. 0.82, and 0.04 vs. 0.29, SF vs. NSF, neck and
cantly different.vertebral bodies, respectively; Fig. 4). Males and females
overlapped. Using multivariate analysis, the BMD z-score
Relation of BMD to urine ammonium, titratable acid,of the femoral neck varied inversely with urine calcium
sodium, and urea nitrogenexcretion (mg/kg/day) among SF (P  0.018), with no
Given that acid and sodium loads reduce bone mineralother calcium excretion index (mg/day, mg/g creatinine),
balance [25, 26], we asked if urine indices of acid load,calcium intake, age, or sex being significant. Among NSF,
such as ammonium excretion, sulfate excretion, titratablethe neck BMD z-score varied significantly with none
acid, and the sum of ammonium and titratable acid, orof these variables. Among SF, the spine BMD z-score
urine sodium excretion correlated inversely with thecorrelated inversely with mg/kg/day of urine calcium ex-
BMD z-score. We reasoned that SF, having reduced cal-cretion (P  0.04) and none of the other values men-
cium intakes, and an inverse dependence of BMD z-scoretioned earlier, whereas among NSF the spine BMD
on urine calcium, might be specifically vulnerable to min-z-score did not vary with calcium excretion (P  0.29;
eral loss from acid or sodium loads above the responseFig. 4). However, the spine BMD z-score varied directly
of NSF. Using multivariate analysis, the BMD z-scoreswith calcium intake in NSF but not SF (Fig. 5; regression
of the femoral neck and spine varied with ammoniumcoefficients, 0.0004 vs. 0.0012, SF vs. NSF, P  0.76 and
excretion in SF (P  0.03 and P  0.04, respectively)P  0.0002, respectively). Overall, SF and NSF differed
remarkably in BMD versus urine and diet calcium. but not in NSF (P  NS; Fig. 6). The BMD z-score
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Fig. 5. Z-scores of femoral neck and verte-
bral BMD versus calcium intake, in men and
women stone formers and non-stone formers.
Among NSF (A and B) femoral BMD values
do not vary with calcium intake (A) whereas
spine BMD values vary positively with cal-
cium intake (B). Among SF (C and D) BMD
at both sites do not vary with calcium intake
among men () and women ().
did not vary with sulfate, sodium, titratable acid, urea in mean values (62  4 vs. 61  5 and 66  9 vs. 57 
nitrogen, or the sum of ammonium and titratable acid 3 pg/mL, SF vs. NSF, males and females, respectively;
excretions in SF or NSF (data not shown). Regressions, all P  NS for comparisons). Altogether this measure-
as is apparent from Figure 6, differed (0.04 vs.0.0003, ment was not informative in this study.
and 0.066 vs. 0.007, P  0.037 vs. 0.98 and P  0.034
vs. 0.54, SF vs. NSF, hip and spine, respectively).
DISCUSSION
Relation of the BMD z-score to serum and urine bone What we found here hints at the broad significance of
turnover markers IH and stone formation to bone mineral loss and even-
tual fracture. The family members who formed stonesFive bone turnover markers were measured: bone al-
limited their calcium intakes and displayed several ab-kaline phosphatase, c-terminal and n-terminal telopep-
normalities of calcium regulation that could, in principle,tides of type I collagen in serum, and total pyridinolines
foster bone mineral loss. Whereas the BMD z-score ofand deoxypyridinoline in urine. There were no differ-
subjects without stones varied not at all with urine cal-ences between any of these markers in SF and NSF
cium loss, in those with stones the BMD z-score was(Table 1). Of these markers, none were correlated with
inverse to urine calcium loss, so that the more markedBMD z-score of femoral neck or spine to a significant
the loss, the greater the potential reduction of BMDdegree (not shown).
over time. Pietschmann, Breslau and Pak studied BMD
Calcitriol in hypercalciuric stone formers and normocalciuric stone
formers [6]. They found lower vertebral BMD in theSerum calcitriol levels did not correlate with age, sex,
hypercalciuric stone formers but normal BMD in thec-terminal telopeptides, n-terminal telopeptides, bone
normocalciuric stone formers, supporting our findingalkaline phosphatase, urine pyridinolines, urine deoxy-
that high urine calcium in stone formers increases riskpyridinolines, BMD z-score, calcium intake, urine cal-
cium loss, or urine ammonium. SF and NSF did not differ of low BMD. Their study did not include hypercalciuric
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Fig. 6. Z-scores of femoral neck and verte-
bral BMD versus urine ammonium excretion,
in men and women stone formers and non-
stone formers. Among NSF (A and B) neither
femoral nor vertebral BMD z-score values
vary with urine ammonium excretion among
men () and women (), whereas both BMD
z-score values vary inversely with urine am-
monium among SF (C and D).
Table 1. Markers of bone turnover
Female
Male SF Male NSF Female SF NSF
Serum bone alkaline phosphatase U/L 23.01.7 21.81.2 17.11.4 22.22.0
Serum c-terminal telopeptide pmol/L 2605349 3643742 2116522 2358366
Serum n-terminal telopeptide nmol BCE/L 17.91.8 14.60.6 13.71.6 15.12.0
Urine total pyridinolines nmol/mmol creatinine 29.53.1 22.71.0 36.84.1 33.71.7
Urine deoxypyridinolines nmol/mmol creatinine 5.90.7 4.60.2 6.80.7 6.50.3
All values are meanSEM. All comparisons between SF and NSF within gender are P  0.05. Abbreviations are: SF, stone formers; NSF, non-stone formers;
BCE, bone collagen equivalents.
NSF as a contrast group. When we studied them, stone tion, the latter of which is a reasonable index of renal
acid excretion and therefore net acid load. Acid loadsformers and non-stone formers did not differ in z-scores,
that is, in their BMD adjusted for their ages. Therefore, mobilize bone mineral stores through direct physico-
chemical effects on apatite, and through cell effectswe cannot prove that dependence of the BMD z-score
on urine calcium indeed does eventuate in low scores. [27, 28]. As an initial hypothesis, we must assume that
with high calcium intakes BMD can remain rather inde-However, it is difficult to explain the inverse relationship
of the BMD z-score and urine calcium except in terms pendent of acid loads compared to the situation of rela-
tively reduced calcium intake as we have found amongof negative balance, over time, in stone formers.
The same is true for acid load. Unlike the relatives stone formers. The result, a reduced BMD z-score at the
highest urine ammonium levels supports such a notion.without stones, those with stones display an inverse de-
pendence of BMD z-score on urine ammonium excre- Missing is direct experimental verification, which is not
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4. Bataille P, Achard JM, Fournier A, et al: Diet, vitamin D andpossible in a design such as ours, and, of course, long-
vertebral mineral density in hypercalciuric calcium stone formers.
term proof of low BMD and fractures. Kidney Int 39:1193–1205, 1991
5. Giannini S, Nobile M: Bone density and skeletal metabolism areWhat is it, then, that we can take away from this
altered in idiopathic hypercalciuria. Clin Nephrol 50:94–100, 1998work with some assurance, some sense of completeness?
6. Pietschmann F, Breslau NA, Pak CY: Reduced vertebral bone
Certainly, we cannot say that the bone responses of stone density in hypercalciuric nephrolithiasis. J Bone Miner Res 7:1383–
1388, 1992formers and those without stones are the same. They
7. Melton LJ, III, Crowson CS, Khosla S, et al: Fracture risk amongdiffer in their relationships to urine calcium and ammo-
patients with urolithiasis: A population-based cohort study. Kidney
nium. That much is evident, and certain. The former Int 53:459–464, 1998
8. Coe FL, Parks JH, Moore ES: Familial idiopathic hypercalciuria.relationship is consistent with balance studies that make
N Engl J Med 300:337–340, 1979clear that bone of IH patients with stones loses more
9. Mehes K, Szelid Z: Autosomal dominant inheritance of hypercal-
mineral than normal when dietary calcium is reduced ciuria. Eur J Pediatr 133:239–242, 1980
10. Bushinsky DA, Grynpas MD, Nilsson EL, et al: Stone formation[29]. The latter relationship, between BMD z-score and
in genetic hypercalciuric rats. Kidney Int 48:1705–1713, 1995ammonium excretion, has no immediate parallel in prior
11. Pak CYC: Physicochemical basis for formation of renal stones of
human studies. In rats and dogs an acid load causes more calcium phosphate origin: Calculation of the degree of saturation
of urine with respect to brushite. J Clin Invest 48:1914–1922, 1969negative bone mineral balances when diet calcium is low
12. Robertson WG, Peacock M, Nordin BEC: Activity products inthan when it is high [30, 31], but rats are growing at all
stone-forming and non-stone forming urine. Clin Sci 34:579–594,
times, and we are studying adult humans. Both relation- 1968
13. Goodman H, Holmes R, Assimos D: Genetic factors in calciumships are consistent with higher fracture rates among
oxalate stone disease. J Urol 153:301–307, 1995older people who have formed stones [7]. Perhaps the
14. Robertson WG, Peacock M, Hodgkinson A: Dietary changes
most important outcome of this work is an incentive to and the incidence of urinary calculi in the U.K. between 1958 and
1976. J Chron Dis 32:469–476, 1979direct experiments in patients with IH and stones, and
15. Robertson WG, Heyburn PJ, Peacock M, et al: The effect of highsubjects with IH alone, in which changes in diet and acid
animal protein intake on the risk of calcium stone-formation in
load can be accomplished in a controlled manner. To the urinary tract. Clin Sci 57:285–288, 1979
16. Nordin BE: Hypercalciuria. Clin Sci Mol Med 52:1–8, 1977our knowledge, such work has not been done directly
17. Bushinsky DA, Grynpas MD, Asplin JR: Effect of acidosis oncomparing stone formers to non-stone formers.
urine supersaturation and stone formation in genetic hypercalciuric
A number of negative results may be useful also. Se- stone forming rats. Kidney Int 2001
18. Werness PG, Brown CM, Smith LH, Finlayson B: EQUIL 2: Arum and urine markers of bone turnover showed no
basic computer program for the calculation of urinary saturation.relationship to either the BMD z-score, or the BMD
J Urol 134:1242–1244, 1985
z-score links to diet, or urine calcium and ammonium 19. Willett WC, Sampson L, Stampfer MJ, et al: Reproducibility and
validity of a semiquantitative food frequency questionnaire. Amlosses. Parathyroid hormone may play a role in determin-
J Epidemiol 122:51–65, 1985ing bone mineral density and mineral balance in these
20. Curhan GC, Willett WC, Rimm EB, Stampfer MJ: A prospective
subjects, but was not measured as part of this protocol. study of dietary calcium and other nutrients and the risk of symp-
tomatic kidney stones. N Engl J Med 328:833–838, 1993Whether bone markers can identify IH patients who will
21. Curhan GC, Willett WC, Speizer FE, et al: Comparison of dietarylose bone mineral over time requires serial measures of
calcium with supplemental calcium and other nutrients as factors
BMD, not available in our current study. As well, serum affecting the risk for kidney stones in women. Ann Intern Med
126:497–504, 1997calcitriol levels, though rather high, were uninformative.
22. Maroni BJ, Steinman TI, Mitch WE: A method for estimatingAt best, our results can direct one away from these mea- nitrogen intake of patients with chronic renal failure. Kidney Int
surements as guides to clinical practice concerning bone 27:58–65, 1985
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